A b s t r a c t For more than forty years, laboratory cage tests (LCTs) have been used in honeybee research. These tests facilitate the control of elements of the environment present in the laboratory, which allows the minimization of the impact of the changing environmental conditions and conditions in the bee colony nest on the studied features. Therefore, it is possible to estimate the content of the genetic component of a particular trait and to assess the impact of a specific substance or tested agent on the traits of bees. An advantage of LCTs is the possibility of conducting easier and cheaper research than in the case of apiary experiments. LCTs allow a significant reduction in the number of required bees/colonies, investigations of a winter bee generation and individual treatment of a single bee. One of the first research directions in which LCTs were used was the instantaneous assessment of the honey yield. Due to discrepancies between LCT assessment and results of apiary productivity, LCTs are currently not a standard tool for the assessment and improvement of bee functional traits despite such undoubted advantages as reducing the time and cost of the evaluation. Moreover, LCTs are being used to assess the genetic and environmental conditions of workers' lifespan and are a standard method for assessing the impact of pesticides on bees.
University of Life Sciences in Lublin, Poland
Advantages of Laboratory Cage Tests Honeybee lifespan or immunity are important traits studied in both individual single workers and the whole superorganism (Huang et al., 2014; Simone-Finstrom, 2017; Strachecka et al., 2018) , but for beekeepers honey yield is of great importance (Woyke, 1984; Olszewski, 2009 ). Research on the aforementioned bee features in apiary or colony conditions is difficult to conduct with results burdened by the impact of environmental factors on which the researcher has no influence (Milne, 1985) . To reduce the randomness of environmental factors and determine the impact of a specific factor/substance, LCTs (laboratory cage tests) have been used in studies on honeybees for over forty years. These tests facilitate the control of elements of the environment present in the laboratory (Milne, 1977; Olszewski et al., 2014) and ensure easier and cheaper research than in the case of apiary tests. They allow a significant reduction in the number of both required bees/colonies and substances needed for evaluation. This is important especially in the case of factors that are expensive or difficult to synthesize. LCTs may also be conducted outside the period of colony activity based on the generation of winter bees (Rinderer et al., 2012) . LCTs allow single bees to be treated individually as well (Decourtye et al., 2003; Frost, Shutler, & Hillier, 2012) . Additional possibilities are created by the fact that the honeybee, as an invertebrate, is not the subject to the provisions regulating the principles of conducting experiments on animals (Directive 2010/63/EU of the European Parliament, 2010; law from 15 January 2015, Republic of Poland, Journal of Laws of 2015). Consequently, the formalities associated with obtaining such permissions are avoided and there is no necessity to obtaining approvals
The main directions of the use of Laboratory Tests from Local Ethics Commissions for conducting experiments.
Genetic and environmental determinants of honeybee workers' lifespan The lifespan of honeybee workers can be regarded as a functional trait as it affects the strength of the colony and consequently the honey yield. The longer the worker lives, the more nectar-collection flights it does (Bruder Adam, 1983; Woyke, 1984; Liebig, 2002) . On the other hand, the shorter life of workers has been shown to have a positive effect on the brood, which translates into colony strength (Woyke, 1984) . The shorter life of workers is compensated by the rapid exchange of generations, which shortens the interval between the generations and may limit the transmission of pathogens and, consequently, protect colonies against diseases (Liebig, 2002) . Fluri's (1993) analysis has shown that environmental factors exert a crucial influence (80%) on workers' lifespan by, while hereditary assumptions are estimated at a level of approx. 20%. The main environmental factors include climatic conditions, season, amount and type of work performed, food quality, environmental contamination, diseases and parasites, and other unexplored factors (Russell et al., 2013) . The coefficient of inheritance of workers' lifespan was estimated at 0.23 (Rinderer et al., 1983) , which qualifies it as a moderately inherited feature. The life expectancy of workers assessed in colony conditions is highly burdened by the influence of environmental factors, which makes it difficult to estimate the impact of the genetic component on the level of expression of this feature, and thus its share in breeding work. Therefore, an appropriate solution to this problem seems to be to assess the lifespan of workers in LCTs. Although the living conditions of workers in LCTs are far from typical in the colony, these tests allow focusing on the genetic determinants of life expectancy (Milne, 1980; . Moreover, LCTs with the use of winter bees may be useful in the selection of bees towards extending their lifespan (Rinderer et al., 2012) .
Beside the environmental factors, longevity is affected by nest conditions as well. The nest is a multifactor environment of bee life. Studies of the influence of a single element of a nest's internal microsystem are impossible in field conditions, whereas such assessment becomes possible in cage tests. An example is the analysis of factors that are a natural component of a bee's living environment, e.g. CO 2 . During overwintering, the amount of food consumed reduces in a natural way and is associated with the management of carbon dioxide (Guderska, 1983; Van Nerum & Buelens, 1997; Olszewski et al., 2012) . However, the use of this gas as an anesthetic agent conveys the risk of not only shortening the worker's lifespan but also reducing the amount of food consumed, which in combination with the foraging behavior can have a significant negative impact on honey yield (Van Nerum & Buelens, 1997; Olszewski et al., 2012) . Another factor that is inseparably associated with the nest environment is the size of the bee comb cell. The impact of such an agent in combination with other such indirect components of the environment as V. destructor pressure can be investigated in laboratory conditions (Olszewski et al., 2014) . Olszewski et al. (2014) have demonstrated that workers brought up in combs with a small cell size (4.9 mm) live longer than those raised in combs with a standard cell size (5.4 mm). Another important factor affecting the lifespan of adult bees is diet. In cage experiments, workers were usually fed with carbohydrate foods, sugar syrup (DeGrandi-Hoffman et al., 2010; Borsuk et al., 2011; Porrini et al., 2011; Olszewski et al., 2014) or candy Costa et al., 2010; Laurino et al., 2011) . As with other animals, bees need a source of good quality protein as a substrate necessary for the proper development of single bee organisms and, consequently, the colony (Keller et al., 2005; Smart et al., 2016) . A lack of protein in the diet reduces the worker's lifespan, as protein is necessary for the proper functioning of the immune system (Strachecka et al., 2008; Paleolog et al., 2011; Huang, 2012) . Therefore, some researchers conducting LCTs enrich the diet for bees with protein in the form of bee bread (Huang et al., 2014) or pollen loads (Pirk et al., 2010; Wang et al., 2014) . On the one hand, protein is an important part of the diet, as it ensures the proper functioning of the bee organism, especially in young individuals and brood (Huang, 2012) . On the other hand, some studies have shown that the use of pollen or its substitute as a source of protein shortens the lifespan of bees in LCTs (Human et al., 2007) . This may be a result of combining carbohydrates with protein, which limits carbohydrate intake and, leads to hunger, weakness and premature death (Wang et al., 2014) . In our opinion, the form in which the protein is served may also be important. Both pollen and bee bread contain about 14% of non-digestible substances (Herbert & Shimanuki, 1978) . We have observed that feeding with pollen or bee bread in LCTs leads to a rapid overfill of the posterior intestine in conditions that prevent free defecation in cages, which is visible in the distended abdomen of workers. This probably leads to stress manifested in such nervous bee behavior chaotic running (unpubl. data). Consequently, bees defecate in cages, which worsens the hygiene conditions and may favor the development of nosemosis. A similar situation occurs in the case of feeding bees with carbohydrate foods, it occurs much later than with the additional feeding with pollen or bee bread. This suggests that, in LCTs, not only the protein, but also the accompanying non-digestible substances present in the pollen or bee bread have a negative effect on the lifespan. Our observations seem to be confirmed by LCT studies conducted by Pirk et al. (2010) , who reported a longer life time of bees that were fed protein in the form of pure casein compared to those that received pollen or royal jelly.
Honey yield assessment
Honey yield is an important productive feature, because it determines directly the economic results of apiaries. As a complex/functional trait, it depends on the degree of food source use, the level at which nectar is used to meet colonies' life and development needs and the efficiency of processing nectar into honey (Woyke, 1984; . As in the case of the workers' life expectancy, the honey yield assessed in apiary conditions is highly burdened by the environmental factors. Therefore, to estimate the genetic background of honey yield and at the same time significantly shorten the evaluation time, some researchers use laboratory cage tests (Kulinčević & Rothenbuhler, 1982; Kepena, 1985; Milne, 1985; Olszewski, 2009 ). Honey yield is the result of workers' collective behavior, which consists of foraging and hoarding. The effectiveness of foraging in laboratory cage tests is expressed in the average amount of food taken from the feeder per single bee (Milne, 1985; Decourtye et al., 2003; Olszewski, 2009; Woyciechowski & Moroń, 2009; Costa et al., 2010; Olszewski et al., 2012) . However, in order to assess the effectiveness of this behavior in LCTs, pieces of bee combs are placed in cages, which gives the bees an opportunity to store their food (Free & Williams, 1972; Milne, 1980) . The results of the assessment of honey yield in LCTs are not always coherent with those obtained in the apiary or field tests under insulators. Collins et al. (1984) indicated a positive correlation between field and laboratory results. Similarly, Milne (1980) showed a positive correlation between the amount of food taken in the LCTs only on the first days of the worker's life and the results from the apiary. These results are somewhat surprising because young several-day-old workers are usually not collectors and do not participate in managing nectar (Mattila & Otis, 2006; Fourrier et al., 2015) . On the other hand, they can perform functions related to the processing and storage of food in the nest, and the conditions in cages are far from the conditions of acquiring nectar and instead closer to those prevailing in the nest. The lack of conclusive results regarding the usefulness of LCTs in estimating the honey yield of bee colonies may be associated with the specificity of the assessed genotypes. Olszewski (2009) reported the genotype significantly influenced both the actual honey yield in the The main directions of the use of Laboratory Tests apiary and the colony's spring development and strength, which confirms the usefulness of LCTs for researching the impact of the genotype on selected factors. The date of obtaining bees for laboratory tests is also not without significance. A shortened assessment of honey yield should be conducted in both LCTs and an apiary at the same time of the season (Milne, 1980; Olszewski, 2009 ). Olszewski (2009) compared the food intake in a LCT in May with the honey yield of colonies in May, June and July. The amount of food consumed in the LCT was correlated statistically significantly with the honey yield in May only, and in conclusion LCTs were noted to be partly coherent with colony productivity in field conditions. The results of honey yield assessment in laboratory conditions do not correspond directly with the honey yield of colonies, especially those assessed for the entire season.
Evaluation of the influence of pesticides
The honeybee species kept by humans are inextricably linked with their living environment, in which many harmful substances, including pesticides, exert an influence (Roman, 2003; Andrews, 2019) . The problem is serious especially in developed countries with strong chemization of agricultural production (Godfray et al., 2015) . Before such chemical products as pesticides are registered for use, their impact on bees has to be assessed (Regulation (EC) No 1107/2009 of the European Parliament, 2009), which should be done in accordance with the recommendations and protocols of local regulations and/or provided by such institutions as the United States Environmental Protection Agency (USEPA) and the Organization for Economic Cooperation and Development (OECD). These procedures allow the estimation of exposure of bees, brood or entire colonies to acute and chronic poisoning with crop protection products. The purpose of such tests is to determine the dose that will induce the death of half of the individuals in the tested group, the so-called LD50 (lethal dose) after 24 and 48 hours, and after 72 and 96 hours in the case of extension of the test. The tested substance could be admin-istered to bees in the LCT either with food or by application of a solution of known content of the active substance to the body surface. Such tests result in death of the bees due to the direct contact with the chemical through the digestive tract and through external body layers, which suggests the possible routes of intoxication in field conditions. Two categories of bees (live or dead) and deviations from typical insect behavior are observed in LCTs. The advantage of cage tests compared to colony tests is the possibility of estimating the individual uptake of the medium with the substance being evaluated, which facilitates precise selection of the doses of the agent (OECD, 1998a (OECD, , 1998b Medrzycki et al., 2013; USEPA, 2014) .
CONCLUSIONS
One of the first research directions linked with LCTs was the shorter assessment time of the bee production values. Due to a lack of strict correspondence between the results of LCT assessment and the productivity of colonies in an apiary, LCTs are currently not a standard tool used in the assessment and improvement of bee functional traits and are still used to assess the impact of genetic and environmental determinants as well as the effect of pesticides on honeybees. The new opportunities for LCTs have been created by challenges revealed at the turn of the 20 th and 21 st century facing both beekeeping and humanity. In modern beekeeping research, LCTs can be used as an alternative to cell line culturing. In addition, they will provide insight for research on individual immunity of bees and their diseases, new threats from pesticides and mechanisms of function and the role of bee digestive tract flora could be insighted and will facilitate the use of a honey bees as an animal model organism in human medicine.
